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Production and hosting byAbstract A large-scale pop-up structure occurs at the front of the northern Dabashan thrust belt
(NDTB), bound by the NNE-dipping Chengkou fault to the south, and the SSW-dipping Gaoqiao fault
to the north. The pop-up structure shows different features along its strike as a direct reflection of the
intensity of tectonic activity. To the northwest, the structure is characterized by a two-directional thrust
system forming a positive flower-like structure. In contrast, the southeastern part is composed of the
vertical Chengkou fault and a series of N-directed backthrusts, showing a semi-flower-like structure.
We present results from Ar-Ar dating of syntectonic microthermal metamorphic sericite which show that
the Chengkou fault experienced intense deformation during the mid-Mesozoic Yanshanian epoch (about
143.3 Ma), causing rapid uplift and thrusting of the northern Dabashan thrust belt. During the propagation
of this thrust, a series of backthrusts formed because of the obstruction from the frontier of Dabashan
thrust belt, leading to the development of the pop-up structure.
ª 2011, China University of Geosciences (Beijing) and Peking University. Production and hosting by
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Elsevier1. Introduction
Comprehensive geological and geophysical studies indicate that
Qinling orogenic belt mainly formed in the process of subduction
and collision between North China plate, Qinling microplate and
Yangtze plate (Zhang et al., 1996, 2004a,b; Xu et al., 1997; Wang
et al., 2005; Li et al., 2007; Lai et al., 2008; Dong et al., 2011a,b),
and a multi-level thrust system was formed along the southern
margin of Qinling Mountain by combined action of plate
subduction, collisional orogeny and intracontinental orogeny
during the Meso-Cenozoic time (Zhang et al., 2001; Liu et al.,
2006; Hu et al., 2006; Dong et al., 2011a,b; Xiao et al.,
2011).The Dabashan thrust belt, located in the transitional zone
between the Qinling orogenic belt and the Sichuan basin, is an
important part of the multi-level thrust system. So detailed
P. Li et al. / Geoscience Frontiers 3(1) (2012) 41e4942geometric, kinematics and chronological studies of the Dabashan
thrust belt are helpful to further reveal evolution process and
history of the Qinling Orogen.
Generally, this belt is characterized by a kinematics of south-
westward thrusting, representing the propagation of an orogenic belt
to its foreland. This thrust belt is mainly divided by the Chengkou
fault into two petro-tectonic units, termed the southern and northern
Dabashan thrust belt (He et al., 1997; Yue, 1998). Both belts display
complex structures and carry distinct variation along the transverse
and longitudinal directions (Liu et al., 2006; Shen et al., 2007; Lai
et al., 2008; Dong et al., 2011a,b). The tectonic architecture of the
northern Dabashan thrust belt has not been studied in detail, in
contrast to that of the southern Dabashan belt, since exploration for
oil and natural gas resources has mostly been focused on the latter.
A better understanding of the structural framework and tectonic
evolution of the northern Dabashan thrust belt is important in
elucidating the tectonics of the southern Qinling orogenic belt.
The northern Dabashan thrust belt (NDTB) is divided into
several secondary tectonic units or blocks by a series of NW-
trending thrusts. Awidely accepted viewpoint is that these tectonic
units formed a piggyback imbricate thrust system, with the
Chengkou fault as its decollement fault and the leading direction
to the southwest (Xu et al., 1986; Zhang et al., 2001, 2004a,b; Li
et al., 2007, 2011; Dong et al., 2008; Lai et al., 2008; Tang et al.,
2008). However, our recent investigations suggest that some of
these secondary units have different geometry and kinematics. The
NDTB consists of both thrusts and backthrusts, which is not
a simple imbricate thrust system with a unidirectional propagation
of southwestward thrusting. In this paper, we present structural
styles and kinematics of the frontal region of the NDTB based on
detailed field surveys. We evaluate the dynamics and tectonic
evolution of this structure by combining the field data with new
Ar-Ar dating of syntectonic metamorphic sericite.2. Regional geology
The northern Dabashan thrust belt (NDBT), located on the
southern margin of the Qinling orogenic belt, is bound by the
Chenkou fault in the south and the YinxingeLuheeBaoxia fault
in the north (Fig. 1). The region provides an example for ‘thin-
skinned’ tectonic system consisting of two secondary units (Xu
et al., 1997; Zhang et al. 2004a,b; Dong et al., 2006, 2011a,b):
the ‘AnkangeWudang nappe’ to the north and the ‘Cheng-
koueZhenping nappe’ to the south. The study area is the frontal
part of the ChengkoueZhenping nappe between the Chengkou
and Gaoqiao faults, about 150 km long from northwest to south-
east and 30 km wide from northeast to southwest. The exposed
lithologies comprise Sinian volcaniclastic rocks and tillite, and
marine sandstone, mudstone and carbonate from Cambrian to
Early Silurian. There is no post-Late Paleozoic sedimentary
record. Many mafic dykes, including diabase and diabase-
porphyrite formed in a rift environment during the Early Paleo-
zoic (about 431.0 3.2 Ma; Wang et al., 2009) whereas magmatic
activity was relatively weak after this. Widespread occurrence of
slates and phyllites indicate a very low-grade regional meta-
morphism throughout the region but some high-grade meta-
morphic rocks, resulting from the deformation, are found within or
near the fracture zone of the Chengkou fault.
Tectonic evolution in the frontier of the NDBT was controlled
by the Chengkou fault, although little thermochronological data
have so far been obtained to constrain the timing of the faultmovement. Based on abundant information from field geology and
recent studies by other scientists, it is inferred that the formation
of the structural framework of the NDBT began in the Mesozoic,
as a result of the collision between the North China and South
China plates. The present structural framework represents the
tectonic superposition of the Indosinian collisional orogeny and
the Yanshanian intracratonic orogeny (He et al., 1997, 1999;
Zhang et al., 2001; Hu et al., 2006; Liu et al., 2006; Dong
et al., 2011a,b; Xiao et al., 2011). Previous studies show that
the NDTB underwent intense thrusting, uplift and denudation
during the Yanshanian epoch. According to electron spin reso-
nance (ESR) dating, quartz veins from fracture cleavages and
joints parallel to the regional fault planes were formed mainly
during the Middle Jurassic to Early Cretaceous, i.e., mid-Late
Yanshanian period (165.6e94.1 Ma; Cheng and Yang, 2009).
Tectonic subsidence history analysis suggests that the foreland
basin underwent rapid subsidence from Middle Jurassic to Early
Cretaceous (170e145 Ma; Liu et al., 2006). The available data
thus indicate that the Yanshanian tectonics exerted significant
influence on the structural framework in the front of northern
Dabashan thrust belt.
3. Structural characteristics in the front of the
NDBT
The tectonic evolution and deformation style of the front of the
NDBT are controlled by its southern and northern boundary faults,
i.e., the Chengkou and Gaiqiao fault. Therefore, geometric and
kinematic studies of these faults are fundamental to reveal the
structural features and formation mechanism of the frontier of the
thrust belt.
3.1. The Chengkou fault
The Chengkou fault, a decollement along the weak strata at the
base of the Sinian system of south Qinling, is not a single fault but
a giant thrust system. Because of this, the depositional system of
the Qinling microplate partly overlie that of the Yangtze plate with
its hanging wall, consisting of tuffs of the Yaolinghe Group
(Pt3yl ) and tillites of the Sinian Nantuo Formation (Z1n), overlie
PaleozoiceMesozoic strata. As shown in Fig. 1, the Chengkou
fault is characterized by a curved arc shape, cutting the earlier-
formed NW-SE-trending structures. Although the Chengkou
fault has a steep dip and shows some characteristics of a strike-slip
fault, it is not deep-rooted according to gravity and magnetic data
(Liu et al., 2003; Li and Ding, 2007; Wu et al., 2008; Dong et al.,
2011a,b; Li et al., 2011). The fault plane changes gradually from
a steep to a gentle angle with increasing depth, finally becoming
the decollement of the NDTB. Thus, tectonic evolution here was
largely controlled by the fault (Zhang et al., 1996, 2004a,b; Dong
et al., 2011a,b).
In order to reveal the structural features, we carried out
detailed field observations on this fault at Dashichuan, Guanyin,
Maliuba, Dazhu, Zhongting, Longtian and Xiuqi (Fig. 1). The
fault shows distinctly different features along its strike from
northwest to southeast. To the northwest, there is an imbricate
thrust system characterized by brittle deformation with breccias
and gouge in the faults. In contrast, to the southeast, there is
a single steep-dipping fault or a strong deformation zone char-
acterized by ductile-brittle deformation with mylonite. Further-
more, the fault shows a distinct kinematics in the northwest, where
Figure 1 Sketch structural map of northern Dabashan region, western China. F1: YinxingeLuheeBaoxia fault; F2: Ankang fault; F3:
Hongchunba fault; F4: Gaoqiao fault; F5: Chengkou fault; F6: TiexieWuxi (buried) fault.
P. Li et al. / Geoscience Frontiers 3(1) (2012) 41e49 43there is a thrusting to southwestward, whereas in the southeast,
there is an oblique thrusting formed by a transpression.
Northwestern Chengkou fault. To the northwest from Zhongt-
ing, the fault system shows an imbricate thrust consisting of
several parallel faults with a SW-directed movement. For example,
the Chengkou fault in Maliuba, Ziyang County has an evident
imbricate fan style, which is composed of a main fault in the south
and steep branching faults in the hanging wall (Fig. 2). The
footwall of the main fault consists of marine Cambrian sandstones
and silicalites with a steep dip up to 68 at N30E, whereas the
hanging wall is composed mainly of Sinian and Cambrian rocks.
Deformation in these branch faults was very intense, resulting in
strong folding and the formation of cataclasites (Fig. 3a). A thick
bed of grayish-green tillites of the Nantuo Formation (Z1n) forms
the base of the hanging wall of the main fault. A set of cleavages
with a dip of 65 to S30W formed in the tillites, indicating
a southwestward thrusting of the main fault. Asymmetric tight
folds in the Cambrian silty slate of the hanging wall show
a southwestward vergence, indicating that these branch faults had
the same thrust direction.
Southeastern Chengkou fault. The southeastern segment of the
Chengkou fault shows brittle-ductile deformation features, such as
the formation of mylonite. On outcrops east to Longtian, the fault
expresses as a near-vertical fracture zone or a ductile deformation
zone rather than an imbricate structure as in the northwest. Deep
gullies usually develop along the fault because of fluvial erosionFigure 2 Cross-section of the Chengkou fault in Maliuba, Ziyang
County.(Fig. 3b). Several kinematic indicators of oblique thrusting
suggest that the southeastern Chengkou fault is a transpressional
fault with both thrusting and strike-slip movements.
Near Longtian town, the Chengkou fault is a vertical ductile
deformation zone of about 150 m width and a strike direction of
N305W. Its northeast hanging wall consists of tillite of the
Proterozoic Yaolinghe Group (Pt3yl ), the bedding of which has
a dip of 73 toward N2W, whereas the southwest and footwalls
consist of carbonaceous shale with a dip of 88 to S25W. Rocks
in the deformation zone experienced intense phyllitization,
resulting in some micro-scale kinematic indicators, such as
a dextral porphyroclast system. Furthermore, some of the vertical
folds with hinges plunging to N55W at an angle of 71 in the
Cambrian siliceous limestone of the footwall also indicate the
strike-slip movement of the Chengkou fault. However, a series of
asymmetric folds parallel to the strike of the deformation zone
resulted from the compression perpendicular to the deformation
zone, indicating a thrust movement on the fault. We thus infer that
the Chengkou fault was formed in a transpressive stress field
rather than a compressive one.
The transpressive stress field is expressed most clearly near
Dingjialiang, in Xiuqi town. Here, the Chengkou fault is a steep
fault plane with a dip of 86 to N20E. The hanging wall consists
of Sinian tuffaceous slate whereas the footwall is composed of
Cambrian carbonaceous shale with thin-bedded limestone. Two
sets of striations are developed with northwestward pitch angles of
45 and 62, respectively, implying that the Chengkou fault
underwent at least two stages of dextral strike-slip oblique
thrusting.3.2. The Gaoqiao fault
The Gaoqiao fault, developed in Paleozoic marine sedimentary
rocks of the ChengkoueZhenping Nappe, is the northern
boundary fault of the front of the NDTB. The main part of the
fault has a straight strike parallel to the trend of the regional
structure (about N50W) but its western end turns to nearly
Figure 3 Typical geological structures in the front of northern Dabashan thrust belt. a: fault breccias of the Chengkou fault, north to Maliuba,
altered from Cambrian siliceous limestone; b: southeastern Chengkou fault north of Xiaohekou village (hanging wall is tillite of Proterozoic
Yaolinghe Group (Pt3yl) and footwall is carbonaceous shale); c: occurrence of the Gaoqiao fault, north of Gaoqiao Town, Ziyang County (hanging
wall consists of Ordovician banded limestone, and footwall made up of Cambrian carbonaceous mudstone and phyllite); d: striations parallel to
the dip of the Gaoqiao fault, south of Cangshui village; e: asymmetric fold and its axial plane cleavages in Ordovician limestone; f: tight upright
fold in the middle part of the MaliubaeGaoqiao section; g: low-angle backthrust in Ordovician banded limestone in the southeastern part of
the front of the NDTB; h: outcrop of grayish-green phyllitized tuff; i: microphoto showing characteristics of the sample of phyllitized tuff for
Ar-Ar dating.
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Figure 4 Cross-section of the Gaoqiao fault near Gaoqiao Town,
Ziyang County.
P. Li et al. / Geoscience Frontiers 3(1) (2012) 41e49 45north-south. Both of its two ends were cut or terminated by the
Chengkou fault, and therefore an enclosed area (the front of the
NDTB) was formed between the two faults. Previous studies
generally maintained that the Gaoqiao fault was a thrust with
a northeastward dip (Zhang et al., 2001; Dong et al., 2008,
2011a,b; Li et al., 2011). However, our recent research shows
that the fault plane has a southwestward dip, and therefore it
should be a backthrust.
In the northwestern part of the Gaoqiao fault, there is a well-
exposed fault plane marked by a gouge zone of 20 cm, which has
a dip of 30 to S40W (Figs. 3c and 4). The hanging wall consists
of Ordovician banded limestone, whereas the footwall is made up
of Cambrian dark-colored carbonaceous mudstone and phyllite
with thin-bedded limestone. At the base of the hanging wall, there
is a 20 m-thick fractured zone composed of fault breccias. Beneath
this fracture zone and above the main fault plane is a narrow
cleaved zone of 2 m. Several kinematic indicators are developed
adjacent to the fault plane, such as drag folds, cleavages, boudi-
nages, etc., and these show that the hanging wall thrust to the
northeast, opposite to the propagation direction of the NDTB. In
conclusion, the Gaoqiao fault is a typical backthrust.
The southeastern segment of the Gaoqiao fault to the south of
Cangshui town, Langao County, is a wide fractured zone. Its foot-
wall consists of Cambrian slate and phyllite, whereas the hanging
wall ismade up ofOrdovician banded limestone. Tight upright folds
are typical structures in the footwall; the two limbs of one such fold
show a N50E dip of 73 and a S30W dip of 70. In contrast,
asymmetric folds were formed in the hanging wall; the two limbs of
one such fold have a N45E dip of 86 and a S35W dip of 62,
indicating northeastward thrusting. In the fracture zone of the fault,
there are many well-exposed fault planes with different dips: one
has a S60W dip of 73; another has a S30W dip of 38; although
their dips are different from each other, the dip directions areFigure 5 Structural cross-sections of the front of the northernsimilar. Because the striations on the fault plane lie parallel to the
fault’s dip, it is possible to discern that the southwest (hanging) wall
was thrust toward the northeast (Fig. 3d).
In summary, the Chengkou fault is largely a southwestward
thrust whereas the Gaoqiao fault is a northeastward thrust, thus
they exhibit opposite thrusting directions. The Chengkou fault
shows an obvious variation along its strike, but the Gaoqiao fault
does not. We conclude that the difference in structure and kine-
matics between the two faults resulted mainly from different
tectonic levels, i.e., the former fault formed at a deeper level than
the latter, whereas the variation along the strike just reflects
changes of tectonic intensity along the fault’s strike.
4. General deformation behavior
Controlled by the thrust and backthrust on the southern and northern
boundaries, the long and narrow front of the NDTB formed a huge
pop-up structure, which, however, shows different features in its
different parts along the strike due to the distinct tectonics of the
boundary faults, especially the Chengkou fault. In the northwestern
part, it is a two-directional thrust leading to a positive flower-like
structure. In contrast, to the southeast is the nearly vertical
Chengkou fault and a series of northeastward thrusts, which built
a semi-flower-like structure. In order to depict in detail the defor-
mation style and to reveal the tectonic differences between the
eastern and western parts, we surveyed two long sections across the
front of theNDTB in the study area, one in the southeastern part, and
the other in the northwestern part (Figs. 1 and 5).
4.1. Northwestern bidirectional thrust system and positive
flower-like structure
The MaliubaeGaoqiao section (Fig. 5: AeB section) is located in
the northwestern part of the pop-up structure. This section is
characterized by two opposite thrusting directions, i.e., the
northeastern part was thrust to the northeast whereas the south-
western part was thrust to the southwest. The northeastward-thrust
portion accounts for two-thirds of the section, whereas the
southwestward-thrust part takes the remaining one third (Fig. 5).
From the structural style, such as the tightness of the fold, the
deformational intensity of the northwestern part is inferred to be
a little weaker than that of the southeastern part. There are fewer
thrusts in the northwestern part than the southeastern part, and the
deformational structures here are dominated by linear folds with
NW-SE-trending axial planes. Most are typical asymmetric foldsDabashan thrust belt. F4: Gaoqiao fault; F5: Chengkou fault.
Figure 6 Contoured equal-area plot of 45 poles to bedding in the
front of the NDTB.
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P. Li et al. / Geoscience Frontiers 3(1) (2012) 41e4946and their axial planes exhibit different occurrences in different
parts of the section. In the northeastern part, for example, their dip
directions are to the southwest, indicating a northeastward
thrusting, whereas in the southwestern part they inclined to the
northeast, suggesting a southwestward thrusting (Fig. 3e), and
finally, in the middle part, they are nearly upright (Fig. 3f). These
structural characteristics in this section form the positive flower-
like pattern as a whole. In the northeastern part of the section,
some large-scale box folds and small-scale fault-bend folds have
developed within the Ordovician limestones (Fig. 3e).
In general, the northwestern part of the frontier of the NDTB
has few faults with the development of slightly broader and
flatter folds. This structural pattern may be attributed to
a detachment plane beneath the Ordovician banded limestones.
This detachment, which played an important role in the
formation of the Gaoqiao fault, might have formed along the
carbonaceous mudstone in the lower part of the Ordovician
rocks.
4.2. Northeastward-thrust system and semi-flower-like
structure in the southeastern part
Section CeD (Fig. 5) is characterized by an asymmetric semi-
flower-like shape caused by northeastward thrusting instead of
the typical features of a pop-up structure. The Chengkou fault here
is almost a vertical deformation zone with a kinematics combining
both south-directed thrusting and left-lateral slipping.
The strata in the section mainly exhibit a southwestward dip
direction; statistical plots of the bedding occurrence show two
peaks of 218 :48 and near vertical (Fig. 6). A series of over-
turned folds with northeastward vergence are developed. In
addition, the Ordovician, Cambrian and the Late Proterozoic strata
of the Yaoling Group are distributed successively from north toFigure 7 Cross-section of the Chengkou fault near Zhongting
Town, Wanyuan City.
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P. Li et al. / Geoscience Frontiers 3(1) (2012) 41e49 47south, forming an overturned sequence with a southwestward dip
direction. Furthermore, in this section many low-angle thrusts are
developed, for example, Fig. 3g shows such a low-angle thrust and
the fault plane has a dip of 8 to the south (170). Since there are
more number of thrusts and the folds are much tighter in the
southeastern part of the frontier of the NDTB as compared to
those in the northwestern part, the former region is considered to
have experienced much stronger deformation. These thrusts and
the asymmetric folds jointly show the northeastward thrusting and
display a semi-flower-like structure.
5. 40Ar/39Ar dating of sericite from the Chengkou
fault
The NDTB is a thin-skinned tectonic system with the Chengkou
fault as its major decollement zone, and this thrust belt, including
its frontier, experienced no magmatism and high-grade regional
metamorphism during its formation. Therefore, it is difficult to get
suitable minerals for chronological studies, and in the previous
studies, ages of the thrusts were mostly inferred from the struc-
tural contact of different geologic bodies and sedimentary
responses to important tectonic events. Nevertheless, some of the
very low-grade metamorphic rocks developed in the Chengkou
fault fracture zone contain crystallized sericites that could be used
for 40Ar/39Ar dating. Microstructural analysis showed that the
sericite is a syntectonic mineral, and thus can be used to constrain
the age of the Chengkou fault.
5.1. Sampling and dating method
Sample ZY-157-Ser was collected from the bottom of the hanging
wall of the Chengkou fault near Zhongting town (Figs. 1 and 7). The
rock is a grayish-green phyllitized tuff with its phyllitic foliation
parallel to the fault plane (which has a dip of 69 to N39E: Fig. 3h).
This type of metamorphic rock occurs only along the fractured zone
of the fault. The degree ofmetamorphism decreases sharplywith the
distance from the main fault plane. Therefore, it is inferred that the
metamorphism is genetically related to the activity of the Chengkou
fault, and themetamorphic age of the phyllitized tuff should provide
the timing of the thrusting.
The sample analyzed in this study is very low-grade meta-
morphosed tuff containing some irregularly shaped volcanic glass
residuals (Fig. 3i). The phyllitic foliation shows silky luster andFigure 8 40Ar/39Ar plateau age (a) and 40Ar/contains small metamorphic minerals. The rock is composed
mainly of glass fragments (20%), crystal pyroclasts (5%), and
recrystallized ash. The recrystallized sericite is small in size
(mostly< 0.1 mm) and forms the phyllitic foliation by its
preferred orientation.
The separated sericites were irradiated by fast neutrons in the
H8 channel of a 49-2 reactor with a flux of about
1.11696 1018 n/cm2 s for 11 h and 56 min. The standard ZBH-
25 biotite (about 132.7 Ma) was used to measure the flux of the
fast neutrons, and pure CaF2 and K2SO4 were simultaneously
irradiated to get the correction factor (Sang et al., 2006).
Dating of the sample was carried out on the Step-heating
40Ar/39Ar Dating System (VG1200 system) in the Key Labo-
ratory of Orogenic Belts and Crustal Evolution, Beijing. A
titanium (Ta) furnace was used to melt the minerals in a process
of ten-step heating from 800 C to 1300 C. In each step, the
sample remained at a thermostatic state for 20 min. A sponge Ta
furnace, active Carbon cold trap and a Zr-V-Fe getter were used
to purify the gases released by heating. Signals of the five Ar
isotopes were recorded by a RGA10 mass spectrograph with mV
as the signal intensity. These signals were measured cyclically
nine times. For each wave, isotopic content was obtained by
using the peak value and the mean value of the two baselines
preceding and succeeding the wave. Finally, the average of the
nine data points for each isotope was used to represent its
content.
5.2. Results of dating and geological implications
The “40Ar/39Ar Dating 1.2” data processing program was
employed for data reduction. The plateau age and isochron of the
sample were obtained through the Isoplot 3.0 program (Table 1
and Fig. 8).
It can be seen that the cumulative 39Ar fraction from the second
to the fifth heating step is up to 85.6% (Table 1 and Fig. 8). These
steps gave a plateau age of 143.3 1.2 Ma and a 40Ar/36
Ar-39Ar/40Ar isochron of about 143.5 1.0 Ma (MSWDZ 0.92).
These ages are considered to be reliable because of the high
cumulative 39Ar fraction and high consistency between the two
ages. The initial ratio of 40Ar/36Ar (about 283.6 6.5) is slightly
lower than the Niel Value (about 295.5), indicating a slight Ar loss,
which affects the dating result very little.
It should be noted that there is no direct relationship between
Ar-Ar ages and the timing of deformation. If the deformation36Ar-39Ar/40Ar isochron age of sericite (b).
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Ar-Ar system, the plateau age represents the time when the
temperature cooled down to the closure temperature (McDougall
and Harrison, 1999). It is only when the deformation tempera-
ture was lower than the closure temperature that the plateau age of
fine-grained recrystallized mica could represent the time of
deformation (Reddy and Ports, 1999; Wang and Zhu, 2005).
As mentioned above, the phyllitization of the sample was
caused by the activity of the Chengkou fault. A detailed analysis
of the fabrics revealed that there were many glass fragments left
in sample ZY-157-Ser, and the devitrification of these fragments
is quite weak. Furthermore, the mineral assemblage indicated that
the sample belongs to lower-greenschist facies metamorphism
with a deformation temperature lower than 300 C (Fig. 3i),
whereas the closure temperature of the Ar-Ar system in the
sericite was no lower than 350 C (McDougall and Harrison,
1999). So the tectonothermal event caused by the faulting
happened at a temperature lower than the closure temperature of
the Ar-Ar system in the fine-grained sericite. Thus, the sericite
was recrystallized at a low temperature, and its plateau and
isochron ages can be considered to represent the timing of the
Chengkou fault activity. In other words, the Chengkou thrust
experienced intense deformation at about 143 Ma, and exerted
a significant influence on the structural pattern of the front of the
NDTB.6. Conclusions
Our detailed fieldwork revealed a series of backthrusts in the
frontier of the NDTB, the northeastward thrusting of which is not
consistent with the southwest-directed propagation of the NDTB.
Geometric and kinematic analyses indicate that the northeastern
boundary fault at the frontal region of the NDTB was thrust to the
northeast, opposite to that of the southwestern boundary fault.
Thus, the front of the thrust belt shows a complex structural style
composed of thrusts and backthrusts corresponding to a pop-up
structure.
The structural complexity of the front of the NDTB is also
shown by the variation in structural patterns both across and along
the belt. For example, the Chengkou fault was mainly thrust to the
southwest whereas its structural features clearly vary along the
strike. In the northwest, the Chengkou fault is characterized by
brittle deformation that resulted in tectonic breccias, whereas it
was controlled by ductile-brittle deformation in the southeast.
Furthermore, the overall structural patterns of the front are also
different along its strike; the northwestern part shows a positive
flower-like structure whereas the southeastern part expresses
a semi-flower-like structure, and in all shortening increased from
northwest to southeast. These features are consistent with the
diachronously oblique collision between the North China and
Yangtze plates (Zhang et al., 2001).
As indicated by the 40Ar/39Ar age of syntectonic sericite, the
Chengkou fault experienced intense thrusting during Yanshanian
epoch (w143.3 Ma), causing further compressive deformation and
uplift of the NDTB, which was superimposed on the deformation
of the Indosinian epoch. We suggest that the propagation of the
NDTB was obstructed by southern Dabashan, which resulted in
a series of backthrusts along the weak layer within the Ordovician
and Cambrian strata. These backthrusts and the frontier thrust (the
Chengkou fault) formed the pop-up structure in the front of the
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